Abstrak
studies, there are several risk factors identified for the development of CHD. One of the most important is dyslipidemia, especially hypercholesterolemia, and hypertriglyceridemia. 1.2.3 In Indonesia, based on data from Ministry of Health (2004) the prevalence of hypercholesterolemia was 9.3% among those aged of 25-34 years and increasing up to 15.5% among those aged 55-64 years old. Along with the increasing incidence of CHD among productive age group, many studies have been done for its prevention and treatment using food-based as well as pharmacologicbased approaches. 4 Many clinical trials have been carried out to find the dietary components which have cholesterol-lowering effect. Plant sterol -also known as phyto-sterols-are among the dietary factors known to lower blood cholesterol. In recent years, the effects of phytosterol on the concentration of serum lipid profile, fat-soluble vitamins, and carotenoids have been studied intensively.
The National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III, 2001
) and the American Heart Association (AHA) have recommended the use of functional food or foods high in components that reduce cholesterol as additional options to enhance the effectiveness of cholesterol-lowering diets. 5, 6 Dietary advice is the initial treatment recommended for moderate hypercholesterolemia, and lipid lowering drugs should be restricted to subjects at highest overall risk of coronary heart disease who do not respond to dietary modification. 7 Phytosterol (PS) or sterol isolated from plants has a cholesterol-like structure. It has been esterified and encorporated in food source such as low fat milk, yoghurt, and margarines. Consuming phytosterol between 2 to 3 g per day lowers serum total and LDLcholesterol by 9% to 20% without affecting HDLcholesterol. 8 There are two mechanisms proposed for cholesterol-lowering effect of phytosterol, first, by inhibiting absorption of dietary cholesterol in which plant sterols displace cholesterol of the micelles in the intestinal lumen and hence inhibiting absorption of both endogen and exogen cholesterol. The second, by triggering the oxysterol activity, a ligand of nuclear receptor i.e. LXR, a heterodimer of another nuclear receptor,. RXR that regulates genes involved in lipid absorption, excretion, and metabolism. 9, 10, 11 This study aims to evaluate the effect of 1.2 g/day phytosterol fortified in low fat milk and dietary counseling on serum lipid levels in mild-moderately hypercholesterolemia subjects, compared to dietary counseling alone.
METHODS
This study used an open, randomized, two-arm parallel pre-post test design, which was conducted at Department of Nutrition-University of Indonesia in Jakarta from June to November 2006. Each subject was randomly assigned to one of the following interventions, each for a period of six week, i.e., Phytosterol (PS) group (Counseling plus 1.2 g phytosterol daily in low-fat milk), and Control (C) group (Counseling alone). Test products (low fat milk containing phytosterol) were provided by PT Nestle Indonesia with the nutritional facts as shown in appendix 1.
Population and subjects were volunteers with known mild-moderate hypercholesterolemia who responded to the study invitation and who fulfilled the criteria for the study. Serum total cholesterol was measured in subjects visiting the Department of Nutrition Clinic. Eligible subjects were randomized consecutively to one of the two different interventions (week 0). Beforehand, the subjects were informed about the study protocol and signed the informed consent.
The subsequent visits were scheduled at each two week: week 1, 3, 5, and week 7. Altogether, each patient underwent 5 visits, including the screening session.
At each visit during the intervention period, subjects were asked about the study tolerance, specifically the occurrence of nausea, abdominal cramps, vomiting, diarrhea and flatulence. The serum total-, LDL-, HDL-cholesterol and triglyceride was determined at week 1 (baseline) and week-7 (end-line). In addition, systolic and diastolic blood pressures were measured using sphygmomanometer after the subject had rested for at least 15 minutes. Subject's weight and height were measured at the first visit, and the weight was measured subsequently at each visit. The body weight was measured using secca alpha scale with the accuracy of 0.1 kg and the height using microtoise statue meter with the accuracy 0.1 cm. The body mass index was calculated as:
To assess subject's compliance, any left over study product was returned and weighed at the two-weekly visit intervention period (week 3, 5, and 7). A new study product was dispensed for each two week period, separately.
During the study, nutritional counseling was given by nutritionists for behavior change. It was designed for a daily low fat and low cholesterol diet (less than 30% energy contribution from fat, and less than 200 mg/day cholesterol), high intake of fruits and vegetables, and active lifestyle for each subject. Compliance was evaluated every two week visit whereas failure to comply with the diet and lifestyle restriction was valued as 0.
Data were presented as mean  standard deviation.
Comparisons were made using the mean of anthropometric, nutrient intake, and total, LDL-, HDL-cholesterol, and triglyceride values of the two measurements taken before and after the intervention period.
Normal distribution was checked using the KolmogorovSmirnov test, before doing the parametric and nonparametric statistical analysis. Prior to further analysis, homogeneity of variance was performed.
For hypothesis testing, the study used paired and unpaired t-test if the data were normally distributed (otherwise the suitable non-parametric tests was used).
P-values of less than 0.05 were considered statistically significant.
All participants gave written informed consent, and the study had received approval from the Ethical Committee of Faculty of Medicine-University of Indonesia.
RESULTS
This study has recruited 40 eligible subjects. Random allocation was done to get 20 subjects for each of phytosterol and control group. However, three from the PS and six from the C groups lost to follow up giving the drop out rate of 15 to 30%. By this condition, the study power (β) was still in the adequate range of 80 to 90 %. The number of subjects included for final data analysis fulfilled the minimal sample size of the study (n = 16) for PS group but not for the C group.
The characteristics of the subjects in the two groups of intervention during the screening phase are presented in table 1 for the demographic and anthropometric  characteristics and in table 3 for the blood pressure, biochemical, and nutrient intake characteristics. Values are means  sd As expected, there were no significant differences on the demographic, anthropometric, blood-pressure, biochemical, and nutrient intake characteristics of the subjects based on group of intervention at the screening-phase Table 3 ). The effect of the six week intervention on the clinical, anthropometric, physical activity index nutrient intakes and biochemical, characteristics as well as the differences in serum lipid levels before and after the intervention are shown in Table 3 , 4, and 5.
Statistically, there were no significant changes on systolic and diastolic blood pressure in either group between before and after the intervention. Anthropometrically, significant reductions in weight, body mass index and waist circumference were found in PS group between before and after intervention but not for the C group. A significant increase in the physical activity index was only found in C group.
No significant nutrient intake changes were found in the two groups before and after the intervention For the serum total-and LDL-cholesterol concentrations, significant reductions were found in the PS group, while no significant reductions of serum HDLcholesterol and triglyceride. In the C group, there were no significant changes of serum lipid concentrations. It showed that the significant reduction of total-and LDL cholesterol levels in PS group were due to the intervention of phytosterol. However, the weight in this group was also reduced which might contribute to the reduction of total-and LDL-cholesterol.
The lowering effect on serum total cholesterol, and LDL-cholesterol in PS group was significantly greater than that of the C group (Table 5 ). 46.8 ± 9.0 45.9 ± 3.7 NS -0.9 ± 6.8 (0.5 ± 14.7%) 3.7 ± 1.0 3.5 ± 0.6 NS 0.18 ± 0.61 (1.7 ± 16.4%) 109.6 ± 32.9 118.8 ± 40.0 NS 9.1 ± 41.1 (14.1 ± 41.7%)
NS NS NS NS NS NS NS
1 , before intervention; 2 , 6 weeks after the intervention *) using paired t-test, or Wilcoxon; **) using unpaired t-test, or Mann-Whitney NS, no significant difference (p value > 0.05) 
DISCUSSIONS
The number of subjects who completed the study was 17 for Phytosterol (PS) group and 14 for control (C) group. This sample size is still within adequate range. The base-line data collected at screening phase (table 2 and 3) showed the homogeneity of age and anthropometric status in both groups and no significant differences in dietary intakes between the two groups.
After six weeks intervention of low-fat milk fortified by 1.2 g phytosterol/day plus life style changes counseling (PS group) as well as counseling alone (C group) there were no effects on blood pressure, as expected (table 3) . The weight, BMI, and waist circumference in PS group decreased significantly, while in C group the reduction was not significant. This is inline with other studies that showed dietary advice contribute to less than 5% of reduction in total cholesterol. 16 In PS group, there was significant reduction of weight, BMI, and waist circumference even though there was no significant reduction of energy intake. It was still unclear for the underlying mechanism of these anthropometric changes in this group.
The significant increase in physical activity index in the C group, which might be due to the additional effect of dietary counseling, might indicate their effect on the decreasing of anthropometric measures in this group, although its decreasing was not significant ( Table 4) . As a whole, the changes of dietary intakes were not significant; however the dietary intake changes might be suggested to contribute partly for changes of their anthropometric measures.
The total-and LDL-cholesterol were decreased significantly after a six weeks intervention in the PS group by 9.2 ± 12.3% and 11.5 ± 16.7% respectively, while serum HDL-cholesterol and triglyceride did not decrease significantly. In C group there were no significant changes for all serum lipid measures. The results of PS group were supported by Mensink et al, 2002 who found that supplementation of 3 g/day phytostanols ester in low-fat yoghurt for 4 weeks, reduced LDL-cholesterol by 14 % without significant changes on plasma HDL-cholesterol and triglyceride levels. 13 Several studies showed that daily consumption of 0.7-3.2 g plant sterol per day had shown to reduce total cholesterol by 5.0-13.0 % and LDL cholesterol by 5.6-24.4% in both normo-and hypercholesterolemic persons with and without diabetes. 17 While lipid lowering diet with highly motivated subjects can result in a 3-4% reduction in total cholesterol concentration. 16 The decreased in serum total-and LDL-cholesterol levels in the PS group is consistent with other studies which reported that the supplementation of phytosterolfortified food products (1-4 g/day) may reduce circulated cholesterol levels by 8-15% within 3 to 6 weeks in mildly hypercholesterolemic subjects. One of the mechanisms in reducing serum LDL-cholesterol was suggested to be the inhibition of its absorption and the increment of its efflux from enterocytes into the intestine lumen. 10, 11, 18 The reduction effect on serum HDL level in PS group of the present study, although not significant, might be due to the up regulation of gene expression of cholesterol ester transfer protein (CETP) which transfer the cholesterol ester from HDL to LDL molecules. 9 Even-though the dosage of phytosterol in this present study was lower than the Mensink study, but the period of this present study was longer which might be expected to influence the reduction of the HDL level. 13 The dietary life style changes counseling seemed to have no effect on dietary intake and serum LDLcholesterol profile, however, a six weeks dietary counseling alone was able to increase physical activity index significantly as one of the recommended lifestyle changes. The study by Jones et al, 1999 , supported the present study which showed that after 30 days administration of 1.7g phytosterol mixture-enriched diet daily, there were significant reductions of serum total cholesterol (p<0.05) and of LDL-cholesterol by 24.4% (p<0.001) compared to control (8.9%, p<0.01), without significantly changing the concentrations of HDL-cholesterol and triglyceride. 4 The other studies of the effects of phytosterol on serum cholesterol concentration also supported the present study, which showed that there was significant reduction of serum LDL-cholesterol after three weeks intervention of 1.6 g/day phytosterol-enriched low-fat milk. 2, 14 The study by Clifton et al (2004) showed the dose-related lowering effect of plant sterols on serum LDL levels, which found the reduction of serum LDL levels by 7.13 ± 12.31% for Low (sterol intake 1.2 g/day), and 9.59 ± 12.44% for High (sterol intake 1.6g/day) groups (p<0.0001). 14 Clifton et al, also showed that the matrix of food product influence its cholesterollowering effect, and the phytosterol-containing milk was the most effective food product in reducing the concentration of cholesterol compared with yoghurt, bread, and cereal.
CONCLUSIONS
Dietary counseling alone for 6 weeks do not have impact on the reductions of total-and LDL-cholesterol, while the provision of 1.2 g phytosterol daily in lowfat milk for six weeks is able to decrease the total cholesterol by 9.2 % (or equal to 22.3 mg/dL) and LDL-Cholesterol by 11.5 % (or equal to 22.4 mg/dl).
